Since the report from the national high blood pressure (BP) education program working group on BP in children and adolescents and the introduction of a new description called prehypertension many data have been provided on its rate of progression to hypertension, its prevalence and association with other cardiovascular (CV) risk factors and its therapy. Making a diagnosis of prehypertension in a child or adolescent identifies an individual at increased risk for early-onset CV disease who requires specific treatment. Thus, routine BP measurement is highly recommended at every health-care encounter beginning at 3 years of age. This review will present updated data on prehypertension in children and adolescents to increase awareness of health-care providers to the seriousness of this condition. Optimal BP measurement techniques as well as the evaluation and management of prehypertension will be discussed and preventive strategies to reduce the CV risk will be presented.
INTRODUCTION
Childhood prehypertension is a common clinical problem facing both primary care clinicians and specialist. Considering the prevalence of prehypertension >30% in asymptomatic obese adolescents, its rate of progression to hypertension and association with cardiovascular (CV) risk factors, prehypertension should be considered a common long-term health problem in childhood. [1] [2] [3] The National High Blood Pressure (BP) Education Program Working Group on High BP in children and adolescents defines hypertension as an average systolic and/or diastolic BP that is ≥the 95 th percentile for sex, age and height on ≥3 occasions. [4] In 2004, the working group on high BP introduced a new term called "prehypertension" to designate children and adolescents whose BP levels were higher than normal, but did not reach the level of hypertension. [4] Children with systolic or diastolic BP between 90 th and 95 th percentile or adolescents with BP >120/80 mm Hg are now defined as prehypertension as opposed to the "high normal" classification that was used previously [ Table 1 ]. The overall intent of this designation was to help identify children who were at the greatest risk for the development of hypertension over a lifetime as well as added risk of CV outcomes due to comorbidities such as obesity and diabetes and in whom therapeutic approaches to prevent or delay the onset of hypertension would be of value.
Since the 2004 report from the working group on BP in children and adolescents, advances in the ability to identify, evaluate and care for children and adolescent with prehypertension have led to an increased awareness of this serious medical condition. [1] [2] [3] Prehypertension is usually asymptomatic and easily missed, even by health-care professionals. [5] The rate of progression of prehypertension to hypertension can be relatively rapid, particularly in those whose BP lie in the upper portion of the prehypertension range. [1, 3] Prehypertension in children as in adults, is commonly associated with obesity, metabolic syndrome and dyslipidemia. [6] [7] [8] [9] The risk ratio for chronic kidney disease (CKD) and CV event are also greater in prehypertensive than hypertensive persons. [10] [11] [12] [13] Microalbuminuria is also more common in pre-hypertension than normotension as are abnormalities in circulating markers of inflammation, like C-reactive proteins. [14] The national high BP education program working group on BP in children and adolescents report has recommended the adoption of healthy life-styles to achieve BP goals except in prehypertensive subjects with diabetes or chronic renal disease in whom drug treatment is also advocated. [4] The decision to use antihypertensive drug treatment in pre-hypertensive subjects in the absence of diabetes or chronic renal disease should be based on global CV risk rather than on specific levels of BP alone.
DEFINING PREHYPERTENSION
Hypertension in children and adolescent less than 18 years is defined as an average systolic and/or diastolic BP that is ≥95 th percentile for sex, age and height on ≥3 occasions. [4] In the 2004, the working group replaced the term "high normal BP" with the term "prehypertension" to designate all children and adolescents whose BP levels were higher than normal, but did not reach the level of hypertension [ Table 1 ]. [4] The aim of this designation was to help identify children who were at the greatest risk for the development of hypertension over a lifetime as well as added risk of CV outcomes due to comorbidities such as obesity and diabetes and in whom therapeutic approaches to prevent or delay the onset of hypertension would be of value.
Data on the prevalence of prehypertension in children and adolescents varies with the study population and patient ethnicity. Recent data from large samples of healthy adolescents show that the rates of hypertension and prehypertension in adolescents are increasing. [1, 3] One study of nearly 14,000 healthy children from well child clinic visit in the United States noted that 3.4% of the population had prehypertension [5] while a data reported by McNiece et al. and associates on high school students put the figure at 15.7%. [2] Recent data also indicate that obesity-associated hypertension and prehypertension in adolescence is a major public health problem and a condition that is likely to contribute substantially to future CV disease. [6] [7] [8] [9] A data from the National Health and Nutrition Examination Surveys (NHANES) studies examined BP levels in children and adolescents and identified a significant increase in both systolic and diastolic BP level. [8] A subsequent study on the same two NHANES databases detected an overall increase in the prevalence of childhood hypertension from 2.7% in the 1988-1994 survey [9] Both reports verified that the increase in BP level and prevalence of hypertension in adolescents is largely due to the increasing prevalence of obesity.
WHY TARGET PREHYPERTENSION?
Evidence indicates that BP measured in adolescence predicts future BP. [14] [15] [16] There are also reports that link prehypertension in childhood with hypertension in early adulthood. [5] Among adolescents with prehypertension, 14% developed hypertension 2 years later and among adolescents with prehypertension and obesity combined, 68% of boys and 43% of girls had hypertension 2 years later. [17] Many of the factors associated with the development of hypertension, particularly obesity, as well as male gender and black race, are also associated with prehypertension. [18, 19] It has been shown patients with prehypertension are at increased risk of developing hypertension and CV event. [10] [11] [12] [13] 20] Elevated serum uric acid level has also been considered a risk factor for development of hypertension and CV risk. [21] Results from animal models suggest that uric acid induces vasoconstriction by activation of the renin-angiotensin system and reduction of nitric oxide, which can be revered by lowering uric acid. [22] Overtime, uric acid uptake into the vascular muscle cells causes cellular proliferation and secondary arteriosclerosis. [23] Consistent with the animal data, clinical trials performed in adolescents with prehypertension [24] and newly diagnosed essential hypertension demonstrate that reduction of uric acid can mitigate BP elevations. [25] [26] [27] These data suggest that uric acid plays a significant role, in the pathogenesis of early-onset primary hypertension. [21] [22] [23] [24] [25] [26] [27] In the trial of preventing hypertension (TROPHY) study, investigators found that nearly two-thirds of participants who had been in the placebo (e.g., untreated) arm, all whom fit the clinical description of prehypertensive, progressed to stage 1 hypertension. [28] Furthermore, hypertension is considered to be a self-accelerating condition in that ongoing structural changes, including arteriolar hypertrophy and endothelial dysfunction, contribute to increased vasoconstriction. These have been seen in prehypertensive patients and are hallmarks of the transition from prehypertension to hypertension. [27] Compared with normotensive patients, those with prehypertension are more likely to experience higher cholesterol levels, obesity or overweight as measured by body mass index (BMI) and diabetes. [28, 29] However, the increased CV risk associated with prehypertension cannot be explained entirely by an increased prevalence of other CV factors and is likely also to be related to BP elevation per se. [20, 27] Inflammatory markers such as microalbuminuria, C-reactive proteins, interleukin 6 and tumor necrosis factor-α are also more common in prehypertensive and hypertensive patients than in those with normal BP levels. [14, 30, 31] In addition patients with prehypertension face a higher risk of CV mortality as their BP levels rise. Assadi reported that treating microalbuminuria in children with primary hypertension with renoprotective therapy was associated with left ventricular hypertrophy regression. [32] A meta-analysis involving more than 1 million adults showed that in individuals 40-69 years of age, every increase of 20/10 mm Hg starting at a normal level of 115/75 mm Hg doubled the risk of stroke death and cardiac death. [33] Thus, the prehypertensive patients already face a higher risk of CV death, even though they are not yet classified as being hypertensive. [33, 34] 
SCREENING FOR HYPERTENSION RISK
Risk factors associated with the development of both prehypertension and hypertension include, excess body weight; excessive sodium intake; insufficient physical activity; inadequate consumption of fruits, vegetables and potassium; and excessive alcohol consumption. Parikh et al. have designed a risk stratification scheme using the measures easily obtainable in a doctor's office. These authors, suggested that age, gender, BMI, family history of hypertension, cigarette smoking, systolic blood pressure (SBP) and diastolic blood pressure (DBP), BMI, were associated with the higher incidence of hypertension. [35] It is shown that the following life-style modifications can help reduce SBP [ Table 2 ]: [35, 36] • Achieving a normal body weight (BMI 18.5-24.0 kg/m 2 ) may reduce SBP as much as 20 mm Hg
• Adopting the dietary approaches to stop hypertension (DASH) diet (rich in fruits, vegetables and low-fat dairy products) could result in a drop in SBP as great as 14 mm Hg • Keeping stress levels down also can help prevent progression of prehypertension to full-blown hypertension. Analysis of data from the atherosclerosis risk in communities trial showed that among men with higher levels of anger, there was a modest association with progression to hypertension. [37] Thus, a healthy, reduced-stress life-style can produce significant benefits and may reduce or prevent the need for pharmacological treatment if their prehypertension progresses. The effectiveness of the complete package of life-style interventions recommended by Joint National Committee 7 (JNC-7), [38] was supported by the results of the PREMIER trial. [39] 
HOW TO BEST MANAGE PREHYPERTENSION?
The medical treatment of prehypertension has been the subject of recent debate since the report of Working Group on High BP in Children and Adolescents was released in 2004. The JNC-7 report has recommended the adoption of healthy life-styles to achieve BP goals except in prehypertensive subjects with diabetes or chronic renal disease in whom drug treatment is also advocated. [38] Is there a role for antihypertensive drug treatment in prehypertensive subjects in the absence of diabetes or chronic renal disease? The answer is yes, for at least one group, African American, according to the International Society on Hypertension in Blacks (ISHIB). [40] The ISHIB report recommends that for primary prevention of hypertension in blacks, medical therapy should be initiated at 135/85 mm Hg and at 130/80 mm Hg in adult subjects with preclinical CV disease, and/ or a history of CV disease. [40] The statement further recommends monotherapy with a diuretic or calcium channel blocker in those patients whose BP is ≤10 mm Hg above target and combination therapy in patients with a BP >10 mm Hg above target.
Beyond targets for the black population, some investigators are looking at whether implementing pharmacotherapy in prehypertensives in general can help prevent progression of the disease. In TROPHY, patients considered prehypertensive were randomized to either the angiotensin receptor blocker (ARB) candesartan or placebo for 2 years and all patients were followed for an additional 2 years. [28] Use of the ARB significantly suppressed progression to hypertension at both 2-and 4-year follow-up; although the magnitude of the reduction in new-onset hypertension was attenuated (16% vs. 66% during the active treatment phase) once antihypertensive therapy was discontinued. In another study using the angiotensin-converting enzyme inhibitor ramipril, the agent significantly reduced progression to hypertension in prehypertensives compared with the placebo, with no increase in adverse CV or cerebrovascular events. [41] It has been argued recently that the decision to use antihypertensive drug treatment should be based on global CV risk rather than on specific levels of BP alone. [42] However, adequate clinical trial data are not available as yet to justify such an approach in contrast to the extensive evidence regarding specific BP levels.
A new multicenter, randomized study from the National Institutes of Health called the systolic blood pressure intervention trial is studying patients with prehypertension to test whether reducing SBP levels below the currently recommended goal will reduce the risk of cardiovascular disease and CKD. [43, 44] The study is expected to help answer questions not only about the need for aggressive therapy in patients with hypertension, but also about whether prehypertensive patients will reduce their risk and benefit from pharmacotherapy as well.
CONCLUSIONS
The definition of prehypertension is the same in adolescents of all ages, namely a BP 
